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ABSTRACT 

Recent research leaves unsettled the role of 
education in the recent fall of productivity growth. Part of this 
dilemma is due to two major methodological problems in the estimation 
of education's contribution to productivity growth: the methods for 
deriving weights for returns to education, and the interaction among 
education and other factors influencing the quality of labor. To 
reduce these problems, researchers must derive alternative methods 
for growth-accounting research. New policies to increase productivity 
should be examined within a context that accords high priority to two 
policy concerns: equity and the level of government expenditure. 
Other areas to be examined include the disaggregation of returns to 
education, links between education and work, federal spending on 
education, education and taxes, and the effectiveness of schooling. 
The National Institute of Education can play one of seve'ral roles in 
resolving these methodological issues. For example, it could focus on 
a reexamination of the role of education in growth accounting, or it 
could examine a large number of the research issues relevant to the 
role of education in productivity growth, including the policy issues 
mentioned above. (This analysis is one in a series on the 
relationship between productivity and education.) (MN) 
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' The rate of growth of productivity In the U.S. economy has declined dramatically 
In recent years. Productivity grew at a rate of 3.2 percent per year In I9A8-65, 
according to one study.* This growth rate fell to 2.3 percent in I965-73 and 
declined still further to 1.1 percent In 1973-78. 

In the late ig60s and early 1970s, economists believed that education was one of the 
major causes of the high growth rate of productivity in the post-World War II 
period. More recent research leaves unsettled the role of education in the recent 
fall in productivity growth. Has education been a positive factor, resisting the 
dec Hne in pr oductivity growth? Has productivity in education itself stagnated. 



\ 



thereby contributing to the decline in productivity-growth? If education has regained 
a positive factor, can it help reverse a decline !n productivity growth that has ' 
originated through the workings of other factors? 

Whatever the answers to these questions, in the current environ,.ent it see„,s 
incumbent on us to seek answers to the questions of the role that education should 
play in 

~ any national reindustrial ization pol icy; 

~ restoring our competitive position in the world marketplace. 
We should also seek answers to the corollary, questions: 

~ are our current educational institutions up to the above tasks? 
- are our current educational" pol icies in need of change? ' 



of education in productivity, it also suggests possible roles that N,E might play 
.n re-definlng research Issues and stimulating research pertinent to the design of 
educational policies conducive to rapid productivity growth. 
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. RESEARCH ON THE* ROLE OF EDUCATION IN PRODUCTIVITY GROWTH 

Education as a Source of Productivity Growth ; Research through the early 1970s> 
Early attempts to analyze the growth of output in the U.S. economy gave rise to 
a large 'Vesidual"~an increase in output not due to increases in any input. 
The residual was so large that researchers began to search for concrete ways of 
explaining it.* A number of researchers quickly pointed to improvements in the 
quality of the labor force, due mainly to increased education, as a major, 
previously unmeasured, source of growth in output. In 1970, Griliches published 
research results indicating that increased educational attainment accounted for 
one-third of the residual.**- Such results seemed especially credible fn light of 
the first results of the then recently developed human capital literature. In the 
early 1960s, Becker had estimated that the rate' of return to investment in college 
education was thlgh—higfaer in fact than the rate of return on alternative investments. 
It appeared that investment In college education had been insufficient to drive the 
rate of return down to the level of the return on other investments. 



* This research Is discussed briefly In Zvl Griliches, "Notes on the Role of 
Education In Product;Ion Functions and Growth Accounting,'' In W. Lee Hansen, 
ed*. Education, Income and Human Capital , National Bureau of Economic Research, 
Studies in Income and Wealth, Vol. 35 (New York: Columbia University Press, 
1970), pp. 71-115. 

** Griliches, "Role of Education in Growth Accounting,'' p. 79* 

Gary S. Becker, Human Capital (New York: Columbia University Press, 1S6A) , 
Chapters IV and V. 
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The research results of Edward Denison— a pioneer in the measurement of sources 
of economic growth or ''growth accounting" as the techniques have come to be 
called~have been consistent with other research results showing that education 
contributed mightily to the growth of total output and of productivity. 



In ]37^, Den i son published his results for the period While no one 

table can adequately reflect the richness of Den i son's work, the attached 
table 1 shows results especially relevant to the present discussion. This 
table shows that in 1964-69, the growth in national income per person employed 
in the nonresidential business sector (henceforth, this concept will be loosely 
referred to as labor productivity—) was I.85 percent (see last column,. 



Edward DenisOn, Accounting for United States Economic G-rowth , 1929-1969 
(Washington, D.C. : Brookings, 197^) . 

The relation of labor productivity to other measures of productivity may 
be best understood on the basis of a simple production function, such as 
the fol lowing: 

a - f (L,K), 

where (1 is quantity of output (for example, net national product, national 
income, gross domestic product, or the business sector component of any 
of these three quantities), L is labor input and K is capital input. 
(Denison and others use land as a third input in some calculations, but 
land inputs play a small role in most computations of sources of growth 
and may safely be Ignored in the present discussion). 

Under certain rather rigid but commonly used assumptions, the* relative 
weights of labor and capital in producing output may be assigned on the 
basis of their respective shares in output, measured in current prices. 
Thus, the weight associated with labor inputs, W. , is the ratio of total 
labor compensation to output. Similarly, the weight associated with capital, 
Wj^, is the ratio of nonlabor payments to output* Payments to all inputs 
equal the monetary value of output. Hence, W, + W^ » 1 . 



(note continued on page 5) 
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Table 1 



Nonresidential Business:. Sources of Growth of Sector Actual National Income 
per Person Employed, 19^8-69 

Contributions to sector growth rate in percentage points 



19^8-53 1353-64 196A-69 



Sector national inccme oer oerson emn loved 


2 85 




1 8? 




\j • 








0 k7 






Hours 


-0.08 


-0.25 


-0.29 


Age-sex composition 


0.09 


-0. n 


-0.38 


Education 


0.^*6 


0.51 


0.^*9 


Capital 


0.^ 


Q,k\ 


0.36 


Inventories 


0.15 ■ 


0.09 


0.11 


Nonresidential structures and equipment 


0.33 


0.32 


0.25 


Land 


-0.05 


-0.01 


-0. 10 


Output per unit of input 


1.95 


2.38 


1.77 


Improved resource allocation 


0.^9 


0.28 


0.^2 


Economies of scale 


0.58 


0.^*0 


0.68 


Irregular factors ^ 


-0.7^ 


0.31 


-0.7^ 


Advances in knowledge* and n.e.c*^- (residual) 


1.62 


1.39 


1.41 



a. n.e.c, : not elsewhere classfied 
Source: Denison, Accounting for Growth ^ p. 120* 
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Note continued 



We are ndw «n a position to define the two most common ly used measures 
of productivity growth, total factor productivity and labor productivity, 
and to show the relation between them. 

The growth^ in total factor productivity (where P- is total factor productivity) 
may be defined as the growth in output that is not due to the growth in 
inputs. If we confine ourselves, again, to labor and capital inputs, we have 

(1) APy - AQ - (V^AL + W^AK) 

where A indicates percentage change. This equation may be read as follows: 
the percentage change in total factor productivity, AP-, is equal to the 
percentage change in output minus the sum of the percentages changes in 
labor and capital, where each is weighted hy its respective share in output. 

To use an illustration, let AQ. .OA, Al « .02, A K « 03 W « 7 
and ^ - ■ ■ . , r • 

is .Oif - .aZ3 » .017 or 1.7 percent 



My, - .3. Then, based on. eqt. 1, the growth in total factor productivity 
.0^ - .023 » .017 or 1.7 percent. 



The growth in labor productivity (where P, is labor productivity) is the 
growth in total output not due to the growth in labor input, or Ap « 
A (I - AL. By placing AQ. on the left side of eqt. 1, and subtracting 
AL from both sides, vJe obtain 

4 a- AL - A P^ + A L + Wj, ' A k - A L. 
Collecting terms on the right side, we obtain 



(2) A(l - AL -^^iXP^ + ( A K - Al). 




Hence, the growth in labor productivity (.02), is equal to the growth in total 
factor productivity. (.017.)v plus the change in capital per unit of labor 
t.03 - .02) weighted by the share of capital output (.3).- 

o^Jrod^^^iW^y?''^'''''^ '"'^ P'-°*^"*=^J^Ity are legitimate measures 

Two final observations: The above discuss ion-.ignores the fact that there 
are several possi ble al ternative definitions of labor productivity 
Oenison uses output per person employed;, others have used output per hour 
Glisten?!"?; ^h! discussion does not attempt to incorporate quality 

adjustments in the measurement of inputs. See table 1 for a reflection of 

Kun!r.^':S"'"-'%°^'""!'5V a<ij"stment; see also Norsworthy; Harj^er and 
Kunze, "Slowdown in Productivity Growth," pp. 39^-95. . h 
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, tbp row). Of this increase In labor productivity, only 0.08 percentage points 
were due to increases , in inpiits of aU factors, after adjustments for composition 
and quality, while. 1.77 percentage points were due to increases in output per 

• unit of input. 

Denison's research Indicated that education accounted for .49 percentage points, out 

of the total of 1.85 percentage pofnts, of the increase in labor productivity over 
the period I96A-69. That {s, education accounted for over 

one-qugrter of the total Increase in labor productivity. However, this contribution 
of education reflects only the affect of education in improving the quality of the 
labor input. It does not reflect any influence of education on improvements in 
technology or management practices. Denison also concluded that "advances in 
knowledge and not elsewhere classified" accounted for 1.41 percentage points of 
productivity growth (see table l)'. These 1.41 percentage points are in actuality 
Denison's residual: his label reflects his view that advances in knowledge accounted 
for most of the residual.* Denison's "advances in knowledge" is most definitely 
not simply an alternate name for improvements in production processes due to • 
education, though It does reflect (among other things) R and D and the ways in 
which new knowledge affects technology and management. 

In sum, Denison's 1974 study indicated that education had a clear .49 percentage 
point Influence on growth' through its Influence on the quality of labor, while 
knowledge production in a more general sense was (among other things) reflected in 
another 1.4] percentage point influence on productivity growth. 



Denison, Accounting for Growth , pp. 62, 76-83, and 131. 
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• Education as a Source of Productivity Growth; Recent Research 
Research results In the late 1970s on the role of education In productivity growtfi^ 
provided few settled answers and raised many questions. 

In a 1979 book,* Denison specifically addressed the issue of accounting for slower 
economic growth. Analyzing the period 1973-76, Denison found that labor productivity 
fell five-tenths of a percentage point per year. (See table 2.) This was not 
particularly surprising, since by 1976, the U. S. economy had only partially 
recovered from the severe 197^-75 recession. The results of Denison's allocation of 
productivity growth to education and other sources was more surprising: improvements 
in the quality of labor due to education accounted for nine-"tenths of a percentage 
point in the growth of labor productivity, more than the growth rate itself. 

This large positive source of productivity growth was of course offset by other 
negative sources, including a negative nine-tenths of a percent due to a decline in 
output per unit of input. The largest source of this decline was 'the residual 
itself: taken at face value, ''advances in knowledge and not elsewhere classified'* 
accounted for a negative seven-tenths of a percentage point. Denison wrote, 'Svhat 
happened is, to be blunt, a mystery."-- 



Edward F. Denison, Accounting for Slower Economic Growth: The United States 
ifl the 1970s (Washington, D.C.: Brookings, 1979). 

Denison, Slower Economi c Growth t p. k. Denison examined 17 possible reasons 
for the large negative residual, but concluded that the problem required 
intensive additional research ( Slower Economic Growth > p. 147). 



I 
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Table 2 



Sources of Growth of National Income Per Person Employed, Nonresidential 
Business Sector, 1948-73 and 1973-76 

Percentage points 



Item 19^8-73 197.3-76 

• 



Growth rate l.k -0,5 

Irregular factors -0,2 0. 1 

Adjusted growth rate 2,6 -0,6 

Total ractor inpui - N,A,^ 0,3 

Changes in labor characteristics 

Hours at work -0,2 -0,5 

Age-sex compos it Ton -0.2 -0,3 

Education ^ 0,5 0,9 

Changes in capital and land per person 
employed * 

Nonresidential structures and equipment 0,3 0.2 

Inventories 0,1 0,0 

Land 0.0 0.0 

Output per unit of input N.A,^ -0,9 

Improved allocation of resources Q.k 0.0 

Legal and human environment 0,0 -0,4 

Economies of scale from l&rger. markets Q.k 0,2 

Advances in knowledge and n.e.c.'^ (residual) "^•7 



a. N.A.: Mot Available 

b. n.e.c.: not elsewhere classified 

Source: Den i son ^ Slower Economic Gr owth, Table 1-1, p.. 2 and Table 7-3, 
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It has also been asserted that "Joseph Pechman, Herbert Stein, and Albert Rees 
have all turned the slump in productivity growth 'a mystery'."* 

In addition to Den i son, other researchers have found that education has made a 
positive and/or growing contribution to productivity growth, even during the 
recent slowdown in productivity growth.** 

In Jight of these puzzling results, we should examine major methodological 
problems in the estimat ion of education 's, contribution to productivity growth. 

1. Methods for deriving weights for returns to education . Practitioners 
of growth accounting generally use earnings of factors of production to estimate 
the marginal products of the factors. In his estimation of the relative 
contribution to output of workers with different amounts of education, Denison 
weights education groups by relative earnings of workers in each group.*** His 
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Shlomo Maital and Noah M. Meltz, "Summary and Conclusions," in Maital and 
Meltz, eds.. Lagging Productivity Growth; Causes and Remedies (Cambridge, 
Mass.: Ball inger, ISHQ) , p. 27k. On the other hand, Norsworthy, Harper, and 
Kunze have little difficulty in accounting for the slowdown in 1973-78; capital 
effects of various types account for the greater part of the slowdown. See 
their "Slowdown in Productivity Growth," pp. 415-421. Michael Darby, of U.C.L.A. 
speaking before a recent meeting of the National Economists Club, stated that 
unlike almost everyone else, he dfd not find slow productivity growth a mystery: 
productivity growth in 1965-78, in his view, was only slightly below its over- 
all trend figure for the 20th Century. 

John W. Kendrick, "Productivity Trends In the United States," in Maital and 
Meltz, eds.. Lagging Productivi ty Growth, p. 26; Norsworthy, Harper and Kunze, 
Slowdown in Productivity Growth," pp. 4o8-09 -and 413-17., fNorsworthy, Harper, 
and Kunze do not show a direct measure of education's contribution, but their 
figures Indicate that it is large.) 

Denison standardizes for age, region, color and attachment to farm or nonfarm 
occupations before calculating earnings differentials received by workers of 
different education levels. He also attempts to eliminate that part of the 
correlation between education and earnings due to academic aptitude and 
socioeconomic status of parents. See his Slower Economic Growth, p. kk and 
Appendix F and Accounting for Growth, Appendix i. ' 
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estimate of the contribution of education to productivity growth during 
1973-76 is nrade on the basis of relative earnings of different education 
groups as of a much earlier date, 1969* Oenison's procedure would lead to 
an over-estimation of the contribution of education to growth if the 1973-76 
differences in earnings between highly educated and less well educated 
workers were smaller than in 1969.* 

Other researchers also derive weights for returns to education from relative 
earnings statistics for a specific year or set of years, prior to the per'od 
they are analyzing. 



* Denison is aware of Richard Freeman's conclusion that the earnings 
advantages of college graduates relative to high school graduates 
hadd.im.ml*shed by the early 1970s, He e:<amines the pertinent data and 
rejects Freeman's results, Denison lays special emphasis on a very 
large figure, reported by the Current. Population Survey, for I968 
earnings of male college graduates in the 55*64 age group, Oenison 
argues that this figure is too large to be plausible and would distort 
a comparison of relative earnings of college and high school graduates 
between the late ig60s and later. Finis Welch also provides insightful 
analysis of Freeman's research. See Denison, S lower Economic Growth , 
pp. 164-66; Richard Freeman, "Overinvestment in College Training?'' 
Journal of Human Resources , Vol, 10 (Summer 1975), pp. 287-311; 
Richard Freeman, The Over-Educated American (New York: Academic Press, 
1976); and Finis W^lch, "Effects of Cohort Size on Earnings: The 
Baby Boom Babies' Financial Bust," Journal of Political Economy , Vol. 87, 
No* 5, Pt. 2 (October 1979), pp. S65-S97. EPOs Educational Finance 
Program has recently completed an RFP on the rate of return to college 
education which calls for further analysis of this controversy. The 
RFP, may it RIP, is in C 5 G, 

The proponents of the "screening hypothesis" have argued that the 
observed correlation between earnings and educational attainment is due 
not to the productivity of education but to the use of educational 
credentials in screening job applicants. It might be argued that Denison^ 
hy standardizing his earnings differentials by age, region, color, and 
attachment to farm or nonfarm occupations, and by his attempts to 
adjust these figures also for the Influence of academic aptitude and 
parental socioeconomic status, eliminates part but not all of the 
effects of screen I ng. The RFP mentioned above also ca^ls for a reassess- 
ment of the relative merits of the screening hypothesis and human 
capital theory as approaches to interpreting the earnings-education 
correlation, 

O 
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2. Interaction among education and other factors influencing the quality of 
1 abor> The choice of statistical procedure to be used in adjusting labor 
Inputs for quality of education can make a great deal of difference in the 
measured contribution of education to, productivity growth. Denlson's proce- 
dures for deriving the earnings weights to be used for different educational 
groups have just been noted. In addition, Oenlson al locates .port ions of the 
growth of productivity to other variables related to labor inputs: among 
these, it is notevJorthy that the quantity of labor input Is adjusted for the 
age-sex composition of the labor force and that part of the improvement in 
output per unit of input Is ascribed to improved allocation of labor resources* 
between farm and nonfarm work. Both of these adjustments are performed 
independent.Iy of the calculation of the impact of education on labor quality. 

Other researchers have recently argued that the adjustment of the labor input 
for quality change must take account, in a uniform fashion, of all dimensions 
of labor quality. In particular, improvements in the quality of labor due 
to increased educattjon can occur simultaneously with changes in variables that' 
reflect other dimensions of Tabor quality. Hence the net Impact of education 
on labor qua^i^ could be 'more or less than the Impact of education considered 
alone, due to interaction between the movements in education and the other 
variables affecting labor quality. A study by Peter Chinloy calculates 
that the '^main effect" of education- on labor quality In 1971 to 1974 was to 
cause an Increase in labor quality of ,67 percent per year. However, If ifhe 
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Impact of education . is computed after labor quality adjustments have already 
been made for sex, clasSy age, and occupation, this effect is reduced to .^1 
percent.* 



The present point is not that Denison's estimate of the impact of education 
on economic growth is too" high or too low;** nor is it that Deni.^on'g ' 
methods are superior or inferior to Chinloy's. Instead, the point is that 
the various methods may give considerably different results for the impact 
of education on growth and that the current state of the art does not permit 
a determination as to which methods are best. 



Conclusions 

Five broad conclusions emerge from the examination of research to this 
point: 



1. All of the growth accounting studies examined indicate that 
education continued to make a positive contribution to the 
growth of productivity during the 'recent period of drastic 
slowdown in productivity. 



Peter Chinloy, "Sources of Quality Change in Labor Input," American 
Economic Review , Vol. 70, No. 1 (March I98O) , esp. pp. II5-T7: — See 
also Norsworthy, Harper, and Kunze, "Slowdown in Productivity Growth," 
and F.M. ' Gollop and D. W. Jorgenson, "U.S. Productivity Growth by 
Industry, 19^7-73," in John W. Kendrick and Beatrice N.' Vacarra, eds.. 
New Developments in Productivity Measurement and Analysis (Chicago: 
University of Chicago Press for National Bureau of Economic Research. 
1980), pp. 17-I2A. 

On the one hand, Chinloy' s methods do not permit of a judgment whether 
hls^ lower or higher figure is the more accurate. On the other hand, 
it is not clear whether Denison's methods would give a lower or higher 
result than Chinloy's if performed on theisame data over the same 
period of time. \ 



14 



er|c 



'Page 13 ' ■ 

2. This is hardly surprising, given the fact that the research methods 
used in these studies are similar in several critical respects. 
Por example, all weight the different levels of educational 
attainment by earnings; in a period of continued increase ?n 
educational attainment and persistently higher earnings by more 
highly educated people, an improvement in the measured quality 
of labor will necessarily result.* As another example of similarity 
in research methods of different researchers, none of these 
studies attempts to examine the functioning of educational 
establishments to determine whether they are more or less 
productive than they used to be. 

3. The various studies yield different results as to the degree 

of importance of education in contributing to productivity growth 
during a period of productivity slowdown. 



* This comment is not intended to suggest that the weighting procedures 
used are somehow suspect, or clearly wrong. On the contrary, the 
weighting procedures rest on widely accepted assumptions and defensible 
aspects of microeconomic theory. However, given the trends just 
mentioned, a large role for education in productivity is more or less 
built into the data, and careful scrutiny of the methods used is called 
for. For example, if the screening hypothesis, discussed briefly 
above, is correct, then the high rate of return received by the 
highly educated is not due solely to their higher productivity, but 
at least partly to the persistence of credential ism in hiring • 
practices. 



/ 



ERIC 



15 



J 



H. A number of ppomfnent economists interested in growth accounting 
research are at a loss to explain the recent drastic slowdown in 
productivity growth.* A number have used the term "mystery." 

5. The study of the role of education in economic productivity is 
complicated by important unresolved methodological problems. 

What is to be done? 

In the remainder of this paper, four tasks are undertaken. 

I. A brief statement is made as to the- value and importance of 
making progress toward resolving certain methodological problems 
in growth accounting. 



It may be noted that a large number of causal factors have been 
examined. Perhaps the two most widely discussed possible causes 
area decline in^the-rate of new capital investment and a decline in 
spending on R and D. Other factors that have been widely discussed 
are (1) higher real marginal tax rates that, discourage effort and 
investment in human capital; (2) new requirements for business spending 
on environmental protection and health and safety; (3) .lower worker 
motivation; (4) ineffective management; (5) changing composition of 
the work force, including a growing proportion of relatively inexper- 
ienced women and young workers; and (6) rapidly rising energy prices. 

It should also be noted that some researchers have followed an approach 
quite distinct from the growth accounting approach to examining the 
factors causing changes in productivity. This approach is to explain 
the variation in rates of change of total factor productivity across 
industries through the use of multiple regression methods. This effort 
appears to have borne rather little fruit. A major difficulty faced 
by practitioners of this approach has been the high degree of 
correlation between the dependent variable, productivity change, and 
several of the explanatory variables. See John W. Kendrick and 
Elliot S. Grossman, Productivity in the United States; Tren ds and 
Cycles (Baltimore; Johns Hopkins University Press, 1980), Chapter 6 



ERIC 



16 



* Page 15 

2. Tentative Ideas are put forth as to new research efforts, within 
the framework of growth accounting, that might shed light on the 
role of education in productivity. 

3. Further Ideas are set forth as to additional research— outside 
the growth accounting f ramework-that might assist policymakers' 
in designing national educational policies more conducive to 
productivity growth. 

4. Finally, the paper presents several alternative 'NIE strategies 
for fostering research on the role of education in productivity. 

II. BUILDING -A- BETTER MOUSETRAP 

Two methodological problems concerning the measurement of education's contri- 
bution to productivity were examined above. Economists working on growth 
accounti ng are wrestling with additional problems. Some of these problems 
relate directly to the ' ~ 
measurement of education's contribution, others do not. However, a new 
research procedure 'need not relate directly to the measurement of education's 
contribution to affect the measurement of education's contribution; If a 
procedure increases or decreases the measured contribution of another input, the 
proportionate role of education may be affected. 

•J" 

These methodological problems need not be examined in detail.* Since growth 
accounting provides the framework for most informed analysii^^f 



They may, hmyever, be outlined briefly.. 

I;,J!l^M«r"*^'"''^ ^""T^ accounting relies on several rather rigid 
assunpt ons, including the assumption that the monetary returns to all 
factor Inputs equal their contributions to output and that firms are In 
..^^ •JjMfbrlum w th respect to their major and subsidiary product™! ire 
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the growth of productivity, it Is vital that it be performed as accurately 
as possible. Since educational policy and the level of educational expemditure 
may be subjected to the test of education's contribution to productivity 
growth, MIE has an interest in accurate growth accounting. 



(note continued) 

2, Most or all growth accounting research takes the rates of return 
to specific factors as fixed data. In fact, however, the rates of 
return to factors, including the rates of return to education of 
different types, are determined simultaneously with the rate of 
growth of productivity. If productivity declines, the rates of 
return to factors will decline. In most cases. This, in turn, will 
affect the production of such factors and, eventually, the rate of 
growth of productivity. It should not be overwhelmingly difficult 
to apply methods of simultaneous estimation to growth accounting. 

3. There are several alternative procedures for measuring the effects 
of capital Input on the growth of productivity. It is not clear, 
however, which is best. For rore detailed discussion, see Norsworthy, 
Harper, and Kunze, "'Slowdown in Productivity Growth," pp. 398-405. 

k. Most authors have not. been able to incorporate into the- growth 
accounting framework a number of developments that probably help 
account for the slowdown in productivity growth. These developments 
are trends in the ratio of hours worked to hours paid; the effect 
of Increasing energy prices; the effect of changes in the amount of 
spending on R S D; the effect of increased spending.- on compliance 
with governmental health and safety and poMutitpn abatement require- 
ments. Some authors, however, have been able to Incorporate one or 
more of these developments into their particular frameworks. 

5. -It has been suggested that official statistics exaggerate the decline 
in productivity due to failure to include the output of illegal or 
unreported activities In off icfal ly-measured output . Sdgar Feige 
maintains that the underground economy has grown more rapidly than 
the * 'above-ground" economy, thereby causing an underestimation of 
economic growth. His work is discussed In the Washington Post , 
September 21, I98O, p. G12; I have not yet been able to obtain a copy 
of h\% study. 

Other issues may be mentioned still more briefly; (I) whether output of 
government, nonprofit Institutions, households and dwellings can be more 
accurately measured; (2) the appropriate measure of output of the 
economy as a whole; (3) whether productivity growth should be analyzed 
within periods defined by adjacent peaks of the business cycle or whether 
O other periods are also appropriate; C^) whether It Is appropriate to treat 
ERJC "economies of scale" as a source of growth. 



III.'. PRIORITIES FOR RESEARCH:- WITHIN THE GRQVrTH ACCOUNTING FRAMPWORK ' 
Research on the potential future impact of education on productivity should 
have higher priority than research on the actual impact in the past. What- 
ever the actual impact has been, it would be error* to Ignore the possibility 
that this impact could be increased. 

An examination of the possible future impact of education on productivity 
clearly raises the possibility of altering educational policies. New 
policies designed to increase productivity should be examined, however, 
within a context that accords high priority to two other policy concerns: 
equity and the level of government expenditure. 

— \Equ_rty. Given NIE's mandate to improve equity in education, 

it would be paradoxical and wrong if a new emphasis on productivity 
led to policies that diminished equity. An appropriate criterion 
• for support of new educational policies and for the guidance of 
any new NIE-sponsored policy research would be that new policies 
for improving productivity should demonstrably improve equity or 

have a neutral equity Impact. 

^ * 

Government spending . New policy proposals that would markedly 
increase the level of government spending on education would 
Immediately encounter serious political opposition. In what 
follows, emphasis Is placed on research concerning the reallocation 
of funds presently spent on education.. A criterion for support 
df a new program involving increased spending on education might 
be that the new spending should be supported only if a cost-benefit 
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or rate-of- return study demonstrated that the new spending would 
increase the flow of economic resources in the future. 

An emphasis on policies involving reallocation and innovation within the 
context of existing expenditure levels should be welccme If, as may well be 
the case, the improvement of the productivity impact of the educational 
enterprise depends more on how we spend. funds than on how much we spend; if 
the effectiveness with which educational programs work, including the way 
educational programs relate learning to work, should be at the top of our 
agenda; and if much can be accomplished by altering {the incentives policymakers 
provide to students and educational institutions. 

Advances in knowledge 

In hi:s 197^ study, Denison advanced the view (as was noted above) that his 
large residual was due mainly to 'advances in knowledge. While advances in 
knowledge are certainly intimately connected with education and R S D 
activities, Denison believes that current research methods do not permit 
an accurate estimate to be made of the impact of R S D and. education on 
advances in knowledge that^ contribute to productivity, Denison also does 
not believe that a recent decline in R S D spending is a major cause of 
the productivity s 1 owdownr, *r- John Kendrick, on the other hand, believes 
that a decline in R 5 D spending has contributed mightily to the productivity 
slowdown,** To say the least, a number of methodological problems in this 



Denison, Slower Economic Growth , pp, 122-26. 



Kendrick, "Productivity Trends," pp.. 25-26, Kendrick a.l so be 1 i eves that 
new Federal tax policies and subsidies designed to increase R&D, com- 
bined' with other Federal tax. changes to increase capital formation, 
could Increase the contribution of technological progress to productivity 
by 0.5 percentage points. Kendrick, "Remedies for the Productivity Slow- 
j down In the United States," In Maltal and Meltz.eds., Lagging 
\Q Productivity Growth , pp. 247-48. ■ 
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area resna!n unresolved. 



It ihould be noted that a recent report to the President by the Secretary 
of Education and the Director of the NSF asserted that 



the one factor most likely to increase the ratio of economic 

growth to employment would be an increase in productivity. 

Such an increase wiH surely come, if at all, from better trained 

people devising new ways to use scientific and technical knowledge, 

and from a society that is better prepared to assimilate technology.** 

Research is needed to examine the possibility that mare accurate measures 
may be devised of the impact of education and R 5 D on advances in knowledge. 
Policy-oriented research is also needed on the comparative productivity of 
R S D personnel by type of personnel (basic, applied and 

developmental R 5 D personnel), and by sponsorship (corporate, university, 
and government. 



* See, for example, Denison, Slower Economic Growth, pp. 122-26 and 
Norsworthy, Harper, and Kunze, '"Slowdown in Productivity Growth,'* 
p. 413. 

Secretary of Education and Director, National Science Foundation, 
"Report to the President of the United States,'^ p. xxiv. In National 
Science Foundation and Department of Education, Science and Engineering 
Education for the 1980s and Beyond (October 1980TT 
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Df saggregat Ion of returns to education 

Growth accounting studies have calculated the Increase In output due to the 
increased number of years of schooling in the population as a whole, without 
disaggregation by type of schooling. Similarly, research in the human 
capital tradition has usually examined the rate of return to Investment in 
education generally, without regard to type of education.* Relatively few 
studies have disaggregated the contribution to output or the rate of return 
to education by type of education. 

The disaggregation of education's contribution to output may be more impor- 
tant, for policy formulation purposes, than the overall contribution of 
education treated as a single variable^ The rate of return to education, 
broken down by industry, occupation, type of curriculum (at the high school 
level, vocational, general, and^col lege preparatory) , race, sex, major and 
institutional setting (university and college, proprietary school, and 
company-sponsored training) could vary widely, with clear implications for 
productivity as well as equity. 

There^re at least two reasons for the relative paucity of studies of disaggre- 
gated rates of return to education and the nearly total absence**— to my 
knowledge—of growth accounting studies that examine the contributions of 



* The only major exception is that a number of studies have examined 

the impact of a higher level of education (such as college graduation) 
relative to a lower level of education (such as three years of college 
or high school graduation). 

** However, see August C. Bollno, Occupational Education as a Source of 
j Econom^ic Growth , U.S. Department of Labor, Manpower Administration, 
' Grant No. 91-11-72-25, November 1972; available from National Technical 
I Information Service, Springfield, VA. 22151. 



different types of education to productivity growth. First, there are 
serious problems of methodology, entangled with data problems, involved 
in studies of this type.* Second, human capital theorists have largely 
accepted the proposition that, if entry to various occupations is open to 
all, the discounted lifetime earnings of workers in different occupations- - 
will tend toward equality, with differences reflecting mainly differences 
in ability, other personal characteristics, and the nonpecun iary returns 
from different types of work.** 



It follows, then, that further attention should be given to consideration of 



In most data sources, when the total number of observations is divided 
into several types of education, and the data are also cross-classified 
by various control variables, the number of observations for at least 
one type of educatiorl will tend to become quite small. Also, when 
particular occupations are considered, people trained in an occupation, 
but not actually registered or working in that occupation, tend to get 
censored out of the data. The same point holds, though with greater 
force, as regards field of study. Further, the more narrowly defined 
is a group under consideration, the more likely is the computed rate of 
return to be affected by short-term macroeconomic events. For example, 
some occupations, such as engineers of specialized types, have been 
^severely affected fay recent recessions* Nonetheless, as examples of 
studies of th i s' type— each with certain weaknesses—see Freeman, The 
Over-Educated American , Chapters k and 5; Richard S. Eckaus, Estimating 
the Returns to Education; A Disaggregated Approach (Berkeley, California: 
Carnegie Commission on Hfqher Education, 1973), esp. Chapter 2. The 
Educational Finance Progrbm*s RFP on returns to investment in postsecondary 
education asks for an analysis of the existing 1 i terature and research 
problems associated with attempts 'to disaggregate rates- of return by type • 
of education and occupation and also Iby race, sex, and class. 

Sherwin Rosen, '"Human Capital: A Survey of Empirical Research, in 
Ronald G. Ehrenberg, ed.. Research in Labor Economics ^ Vol. 1 
(Greenwich, Conn,: JAI Press, 1970;, p. 12; flark Blaug, ''The Empirical 
Status of Human Capital Theory: A Slightly Jaundiced Survey, Journal 
of Economic Literature , VoU U, No. 3 (September 1976), pp. 838-39. 
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the proposition that lifetime earnings in differ«,t occupations tend toward 
equality. In this connection, researchers may need to devote additional attention 
to identifying entry barriers to specific occupations and to comparing rates of 
return in these occupations to rates in others. It is a reasonable guess that most 
of us will feel that it would be i 1 lun,inating and relevant to policymaking 
to disaggregate the educational component of growth accounting studies, 
perhaps especially by type of education and occupation. It is not immediately 
clear, however, how this should be done.: ,n a few words, the disaggregation 
of education's contribution to productivity Is difficult, relevant to policy 
formulation, and deserving of greater attention. 

IV. PRIORITIES FOR RESEARCH: OUTSIDE THE SROWTH ACrmiWTmG FI^AHEWORK ' 
Links between education and work 

The cultural context In which specific employment and educational institu- 
tions operate can determine their effectiveness.^ While this cultural 
context cannot-almost by definition of culture-be transplanted from a 
host to a guest society, a^society eager for rapid adaptation to new condi- " 
tions can- sometimes borrow and nationalize specific foreign institutions. 
The Japanese provide us'with the proof of this proposition and also sane 
examples of institutions we might wish to borrow. 



* 



Ezra F. Vogel, Japan As Num ber One; Lessons for A meric;. (New York- 
Harper, and Row l5;y ; Irma Adelman and Cynthia Taft Morr s? sIc ety 
ill h and Economic Development- , n.....:. 3tlve Approach -^^^ 

' cnore; Johns Hopkins University Press, I367). — • " ■ " 
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In. a number of specific ways, it appears, the Japanese have organized 
training and information gathering processes so that the people who are 
trained or who gathered information remain for many years in positions where 
they can make most use of this training or information,* There appear tc' be 
at least two ways in which our society might alter inst i tutional • rel*at ionsh ips 
between educational and employment institutions so as to increase the real 
economic returns to education and training. Further research ^on both 
possibilities would be required before they could be certified as productive. 
— The school -to-work transition . Our high rates of youth 
unemployment are considered by seme researchers to be due 
largely to inadequate meshing of schools and labor market 
institutions.-- Some researchers emphasize the importance 
of ''p rearrangement of jobs" for young entrants into the labor 
market and have claimed that in some countries 85 percent of 
new entrants have Jobs several months before leaving school 
A reduction of the sheer waste resulting from high school 
levels of youth unemployment would increase the returns to 
investment in edMcation. 



* Vogel, Japan As Number One , pp. 37 and k6. One of the sources of - • 
Gary Becker's interest in the rate of return to human capital was 
the interesting fact that investments in human capital could not 
be secured by collateral. Hence, he wondered whether there would 
be under- investment in humans. 

** James S. Coleman, "The School to Work Transition," in Congress of 

the United States, Congressional Budget Office, Report of Congressional 
Budget Office Conference on the Teenage Unemployment Prpblem; What 
Are the Options? (.October 14, J976). ' 

*** Beatrice G, Reubens, "Foreign and American Experience with the Youth 
Transition," in National Commission for Manpower Policy, From School 
to Work; Improving the Transition (V^shinoton. D.C., 1976) , ppr 273-295. 
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— Productivity of education In the Third Sector . A detailed 
discussion of Nevzer Stacey's work and how it relates to the 
topic at hand would appear unnecessary in a paper for EPO 
readers. Perhaps I should simply note that research In this 
area ishampered by the absence of any reliable statistics ' 
on the magnitude of the Third Sector and that the main test 
of our emerging opinion that Third Sector education is 
likely to be especially productive is whether the individual's 
rate of return on the sum of corporate plus employee expendi- 
tures on education is higher than other comparable rates of 
return.* 

Federal spending^ on education 

Current programs of Federal spending on education do not appear to reflect a 
concern with productivity. Federal assistance to students is based 
on criteria other than productivity: student choice ^of major and student 
aptitude and motivation do not enter into some of the more important grant 

* This rate of return is dependent only partly on whether an employee 
educated at company ^pense will long remain in an education-related 
job at the sponsoring company. While the critical research prob'em 
in this area is the paucity of relevant data, other more general research 
issues might be mentioned: the relative costs of postsecondary education 
offered by employers and schools; whether post-educatjon productivity 
would be increased more fay education obtained by employees through their 
employers or in more traditional settings; whether Individuals would 
enter the labor market earlier. If employer-provided education were more 
widely available; whether employer-based education ^aju Id ease the 
problem of school -to-work transition, and accompanying high unemployment 
rates, frequently experienced by youth; employers' incentives to provide 
postsecondary education; the relative private and social costs' and 
returns - Including the humanistic values thought to be imparted in 
the university setting- - to employer-based and other types of post- 
secondary education; and whether government subsidies - such as an 
expanded or accelerated tax write-off program - should be offered to 
employers providing education. 
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and loan programs. These programs, especially grants, reduce, but do not eliminate 
student incentives to choose the most remunerative occupations, hence~by a market 
test, at least— the most productive occupations. The Family Contribution 
Schedule, used widely by universities to determine the .level of student 
aid, tends to reward families who spend current earnings rather than save. 
It iTiay also be questioned whether student aid programs or Federal spending 
on university-based R S D tends to increase the survival chances of the 
better institutions.- 

As indicated earlier, it would be wrong tg emphasize the productivity criterion 
to the detriment of equity. Similarly, in the case of the finance of 
elementary and secondary education attention must be paid to the merits of 
local control and funding of schools. However, it is probably correct to 
state that .productivity criteria with respect to educational finance policies 
are not receiving much attention from researchers and are not presently 
having their day in the court of public opinion or in the deliberations of 
poricymakefs. Based on prospective additional research— noted- above—on the 
relati^ye productivity of education of different Jtypes, it might be feasible t 
to develop policies designed to direct eciucational resources into the most 
productive channel s,^ 




* . Most of these issues are raised in the Post secondary Educational 
Finance Program's Research Area PlaA. 

However, there are seme indicat i^ffs that the record of the Federal 
Government in educational finance indicates that it might serve, on 
balance, to destabilize private decisionmaking. . See Richard Freeman, 
The Over^^duca ted American, pp. 62-63.. 



ir 



27 



Education and taxes 

A ccxnplex tax system will necessarily have complex effects on students' 
decisions about thei length and type of their educations as well as adult's 
decisions about the length and Intensity of their working lives. Though 
I have not had an opportunity to examine the literature on this topic, 
certain general issues appear to stand out. 

1. High marginal income tax rates tend to discourage investment in 
education, and especially inves.tment in expensive education leading to 
l:he more remunerative types of work. This will especially be the case 
where the learning span Is long and the earning span relatively short, 
since earnings will then, be concentrated in a relatively small number 
of years. 

2. Incentives to work, regardless of level of education, are diminished 
by high marginal rates of taxation. However, for people who have high 
eariTings.. resulting from high levels of education, the disincentive to work 
is especially great. This could affect numbers of hours of work per week 
and per year^as well as retirement decisions. 

3. The "Income effects" of high levels of taxation probably tend to 
offset both of the above effects of high marginal tax rates. The higher 
are tax rates, the lower are net earnings. Since leisure Is widely 
believed to be a "normal" good, lower net earnings probably lead to deci- 
sions to consume less leisure, hence to increase work.* 



* There Is an extensive ecUomic literature on this topic. 
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Since education is heavily subsidized by governments (financed through 
our system of taxation), people undoubtedly obtain more education than if 
they paid Its full cost* As a crude first reaction to these complex 
considerations, one might suggest that the net effect of these offsetting 
factors is for people to obtain large amounts of education— due to 
subsIdlzatlon-^-but to make thefr crtti.ca.l decisions about thei r education 
with diminished regard— due to high marginal tax rates—to the relative 
returns to education of different types. 

5. As a final reminder of the canplexity of these problems we should 
note that all of the above considerations could be altered or rendered 
irrelevant by: 

~ the many loopholes, favorable to high earners, built into 
our tax system; 

~ the impact of recent major changes in the social security system, 
private pension plans and retirement laws, which might have 
greatly altered private decisionmaking on the length of working 
life and hence. on'the period of productive pay-off for invest- 
ment in education* 

Effectiveness , of schooling 

The fact that recent growth accounting studies show a continued large con- 
tribution of .education to productivity growth does not Imply that the 
productivity of schooling itself has increased or even remained constant. 
First, we have noted several respects in, which the methodology of the 
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treatment of education In growth accounting needs careful review. Second, 
a decline In the productivity of schools Is consistent with a positive 
and accurately— measured contribution of education to productivity growth: 
the rapid increase in levels of educational attainmerrt might have been so 
great as to offset a decline In the quality of graduates. Finally, as was 
earlier indicated, careiFul examination of trends 'In the effectiveness of 
schooling would be a useful means of testing the accuracy of certain 
conclusions, reached through growth accounting, concaming education's 
contribution." 

» 

Hence, further study of trends In the effectiveness of schooling would be 
helpful, aside from the intrinsic interest and pol Icy- relevance of the 
subject. In the further examinatjon of the contribution of education to 
productivity growth In our society. A fresh examination of methods of 
approaching such research, without undue emphasis on trends in SAT results 
or results of other nationally administered tests, would appear appropriate. 

V. POSSIBLE NIE ROLES 

The question, "what is to be done?," was raised prior to the discussion on 
unresolved methodological issues and broad policy questions. This question 
may appropriately be altered to call attention to the alternatives that 
NIE Itself might consider: "what Is NIE to do?" 



In a telephone conversation, John Plncus of Rand Indicated that 
he knew of no good studies that shed light on this Issue on a 
national basis. Studies of this issue on a local basis, he stated, 
have been hampered by major shifts in the student composition 
of the schools. 
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One possible response, clearly, would be "nothing." Such a response could 
be based on the argument that the public Is not now prepared to view 
education from the productivity perspective. Or It could be based on 
the view that tnany components of the congeries of issues surrounding 
productivity fit more naturally with the mission and experience of 
research organizations other than NIE. 

If this answer is not accepted, a possible NIE role could be examined 
under four headings: scope, audience, mix of collaborators, and final 
product. To focus our discussion of this questions, two quite distinct 
alternatives may be put forth. 

Alternative A 

One possible scope of our efforts would be to focus on the methodological 
issues raised by a re-exam 1 nation of the role of education in growth 
accounting. (Hence, the issues raised under heading IV above, research 
outside the growth accounting framework, would not be examined.) The 
purpose of such an inquiry would be to assist researchers to think of this 
problem in a new light, and to posit new, presumably improved, methods of 
undertaking research. 

The audience of .juch a. piece of work would be the interested research 
community, though we would expect that interested researchers and their 
ultimate new products would reach policymakers one way or another. 

Two sets' of collaborators might be appropriate for such a study. Initially, 
a group of prominent, established scholars might meet to focus priorities 
and determine which Issues are potentially most fruitful. Once this 
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task was competed, this group wou]d then provide NtE staff with guidance 
in selecting a second set of people to write a number (four to seven) of 
commissioned papers on the defined issues. Alternatively, the members ofl, 
the first group might write the papers themselves. 

The final product might be a book. It would be^focused mainly on methodological 
issues. 

Alternative B 

An alternative scope would be to examine a large number of the research 
issues relevant to the role of education in* productivity growth, including 
the policy issues discussed above. Under this alternative, the focus of the 
endeavor would be on policy formation, with the examination of research 
methods limited to those methodological issues critical to policy fqrmulation. 

The audience of such an endeavor would be the Domestic Council (or its 

successor body), the Secretary of Education, state officials and perhaps 0MB, We 

would initially approach the Domestic Council w^th the argument that a troad-gauged 

study of the role of education in productivity is needed on the following grounds: 

in a society where productivity growth, has lagged, where improved productivity 

growth is needed to compete successfully with potential adversaries and 

highly productive al 1 ies , and where a highly educated and motivated workforce 

has long been considered one of our most productive resources, the most 

careful scrutiny of policies affecting the impact of educational policy on 

productivity is in order. 

The collaborators in suc|i an endeavor would include educators, economists, 
business people with .an interest in technology and/or education, and 
perhaps government officials, 
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The product of such an cndeawr might be a report to the President or 

a series of Issue papers addressed to the Domestic Council, or the body 

that fulfills the present Domestic Council's functions In the new administratlc 

We might also wish to consider whether we could combine Alternatives A 
and B, by choosing, say, two items from A and two from B. 



* A second, later study of the role of education in productivity might 

be suggested. This study would follow through on the poljcy recommenda- 
tions of the first study by examining two matters: (u The probable 
effect on productivity of several of ''the recommended pol Icy changes 
could be tested, perhaps through simulation techniques, and (2) experts 
in our own and other cultures could examine the changes In our 
institutional framework and In traditional assumptions that would 
be needed If the full potential benefit of each recommended policy 
change Is to be captured. 



^ . 33 



